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ABSTRACT OF THE DISCLOSURE 
A transducer for determining mechanical stresses in 

magneto-strictive material, the transducer consists of a 
core which is formed as a cross and at least one of the 
two cross arms passing in the same direction is pro 
vided with an exciting coil while at least one of the re 
maining cross arms is provided with a measuring coil. 
The transducer is placed in a bore which is perpendicular 
to the stress direction and generates a substantially homo 
geneous magnetic flux in the surface of the bore which 
magnetic flux is substantially at right angles to the longi 
tudinal direction of the bore. The transducer indicates 
the magnetic potential difference caused by the mechanical 
stresses in the material between two zones in the wall of 
the bore. 

It is known that mechanical stresses in magneto-stric 
tive material can be measured by generating an inhomo 
geneous magnetic flux in the surface of the material by 
means of a magnet system and that by means of a coil 
System the changes of the magnetic flux which occur 
when the material is subjected to mechanical force can 
be indicated. The indication is carried out at two sym 
metrically situated points in the inhomogeneous magnetic 
flux and the inhomogeneity of the flux is a condition prece 
dent carrying out the measuring. 
A transducer has been proposed in order to measure 

mechanical stresses inside a magneto-strictive material, 
which transducer operates on principally the same sys 
tem with an inhomogeneous magnetic flux. The trans 
ducer is inserted into a cylindrical bore in the material 
and by means of two exciting coils with completely sepa 
rated iron cores the inhomogeneous magnetic flux is 
generated in the walls of the bore. The deformation of 
the magnetic flux which occurs when the material is 
subjected to mechanical force is indicated by iron cores 
provided with windings which are arranged symmetrical 
ly in relation to the flux generating coil system and in a 
plane at right angles to the plane through this coil sys 
tem. in order to obtain the greatest possible sensitivity 
in the transducer, it is placed so that the cores and coils 
lie substantially at right angles to the mechanical stresses. 
Thereby the known force distribution which occurs round 
a circular bore in a material which is subjected to a uni 
lateral mechanical stress is used. If the material is sub 
jected to a mechanical stress ao the stress becomes =3oro 
in the bore edge in the two diametrically opposite points 
whose connecting line is at right angles to the stress direc 
tion. 
The present invention relates to a transducer for deter 
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mining mechanical stresses in magneto-strictive material 
and intended to be placed in a preferably circular bore in 
the magneto-strictive material at right angles to the stress 
direction. The transducer comprises partly a magnetiz 
ing device connected to an A.C. source and partly an in 
dicating device connected to a measuring or indicating 
device. The invention is characterised in that the mag 
netizing device is placed diametrically in the bore and 
arranged so that a substantially homogeneous magnetic 
flux is generated in the bore wall, which flux is substan 
tially at right angles to the longitudinal direction of the 
bore and so that the indication device is arranged to in 
dicate the magnetic potential difference caused by the 
mechanical stresses in the material between two zones in 
the bore wall which are substantially diametrically op 
posite each other and parallel to the longitudinal direc 
tion of the bore. The magnetizing device as well as the 
indicating device consists of a core of magnetic material 
and at least one winding arranged on it. The two cores 
can be separated or can be a single unit. The cores are 
arranged preferably diametrically in the bore and form 
an angle with each other. This angle is preferably 90° 
but can also have other sizes, for example 60°. If the 
cores are joined to form one unit, this is suitably formed 
as a cross with the windings arranged on the cross arms. 
If the cores are, however, separated, they are suitably 
formed as an H with the winding arranged on the horizon 
tal part. 
With a transducer according to the invention, not merely 

the effect mentioned in the introduction is used where a 
mechanical stress oro in a material causes a tangential 
stress = or3o in the edge of a circular bore in the material 
in the two diametrically opposite points, whose connec 
tion line is at right angles to the stress direction, but also 
the effect where in the two diametrically opposite points 
whose connection line is parallel to the stress direction 
the mechanical tangentiali stress = — oro. This will be ex 
plained more fully later on in the description. 

In the accompanying drawing, FIG. 1 shows a perspec 
tive views and FIGS. 2 andi 2a end views of two modifica 
tions of a transducer according to the invention. FIG. 3 
shows the distribution of the mechanical stress in the 
edge of a cylindrical bore in a material which is subjected 
to a one-sided stress = oro. FIG. 4 shows another embod 
iment of the transducer. 
The transducer shown in FIGS. 1 and 2 has a core 1 

of magnetic material. The core is formed like a cross with 
four arms 2, 3, 4 and 5, which are suitably of equal length 
and which are at right angles to each other. On each of 
the two arms 2 and 4 is arranged an exciting coil 6 and 8. 
The two coils are series connected and turned so that the 
magnetic fluxes in the two arms have the same direction, 
which is shown by the broken lines on FRG. 2. The coils 
at 10 and 11 are connected to an A.C. source 14. Each of 
the two other arms 3 and 5 is provided with a measuring 
coil 7 and 9, which are series connected and at 12 and 
13 are connected to a measuring device known per se 
which is designated by 15. 

In FIG. 2 the transducer is shown inserted in a circular 
bore 16 in a magneto-strictive material. The core is formed 
so that the least possible air gap is obtained between the 
core and the surface of the bore in order that the air gap 
reluctances shall be as small as possible. When a current 
passes through the coils 6 and 8 in a certain direction, the 
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generated magnetic flux will be directed straight up to 
the right, as shown by the arrows on the arms 2 and 4. 
When the flux enters the magneto-strictive material, it 
divides to the right and to the ieft, passes on the surface of 
the bore 16 and goes into the cross arm 4 down to the 
left. If the magneto-strictive material is isotropic and not 
subjected to mechanical stresses, the magnetic potential 
difference is zero between the two areas on the Surface 
of the bore which are situated at the free ends of the 
cross arms 3 and 5. No magnetic flux therefore passes 
through these two arms and no voltage is induced in the 
cois 7 and 9. 

If, on the other hand, the magneto-strictive material 
is subjected to a mechanical stress oro as shown in FiG. 3, 
mechanical tangential stresses at will occur in the Surface 
of the bore. The size and designation of the Stresses will 
vary according to the formula art=oo (1 — 2 cos 2p). 

In the formula p is the angle between the oro direction 
of the stress and the direction from the centre point of 
the bore to the point on the Surface of the bore where it 
is desired to determine art, in FIG. 3 the curve 20 showS 
how at varies round the bore. The characteristic value 
on at is obtained for p=0°, 30° and 90°. If p is 0°, 
at=-ao. For p=30°, a t= 0 and for p= 90° at=3a'o. From 
the formula it is evident also that when p=45* G= Go 
From FIG. 3 it is evident that ort is always zero at the 

points 21, 22, 23 and 24 and in point of principle thus 
the most sensitive transducer would be obtained if the 
angle between the magnetizing device and the indicating 
device is 60°. This depends on the reluctance changes 
which occur due to the temsile stress between the points 
21 and 24 and between 22 and 23 cooperating with the 
reluctance changes which occur due to pressure stresses 
between the points 23 and 24 and between 21 and 22, so 
that the greatest possible magnetic potential difference 
across the indicating device is obtained. A consequence 
of this asymmetrical construction is however that a sig 
nali from the indicating device is obtained even at Zero 
stress in the material, but this signal can be compensated 
in the magnetic way in the transducer by bodies of mag 
netic material being inserted between the points 21 and 22 
and between 23 and 24. The compensation can also be 
carried out electrically in the measuring device. A dis 
advantage with the oblique-angled construction is how 
ever that there is less space for the coils. 

If the magnetizing device and the indicating device are 
placed at right angles to each other, there will be the 
greatest possible space for the coils and the Smallest 
possible signal at zero stress, but on othe other hand the 
transducer is a little less sensitive. Usually however the 
output signal is so strong that the said disadvantage does 
n?t matter. 

In FIG. 4 another embodiment of the transducer is 
shown. FIG. 4a shows the magnetizing device with a core 
in the shape of an H and with the exciting coil 31 ar 
ranged on the horizontal part 32 and connected to an 
A.C. source 14. The two core legs directed downwards 
33, are considerably longer than the two core iegs di 
rected upwards 34. The indicating device is shown in 
FIG. 4b. This core is shaped in exactly the same way as 
the core of the magnetizing device but turned upside 
down. The measuring coil 35 is connected to the measur 
ing device 15. FIG. 4c shows how the two cores with their 
coils are combined to a complete transducer and FIG. 4d 
shows the transducer seen from above in a horizontal 
cross section along the line A-A in FIG. 4c. 
The transducer is thus composed of two exactly equal 

parts, the two parts not being connected to each other. 
It is therefore possible during the joining together of the 
two transducer parts to determine the angle which is de 
sired between the magnetizing device and the indicating 
device. Further, an important advantage with separated 
magnetizing and indicating devices is that the inner mag 
netic connection is practically eliminated, which to a great 
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4 
extent should reduce the influence of possible eccentrici 
ties on the zero point voltage. 
With both types of transducers the magnetizing device 

and the indicating device are cast into a cylindrical body 
of synthetic resin which is then ground to a well defined 
diameter so that the least possible air gap occurs between 
the iron cores and the surface of the bore. In order to 
keep the transducer fixed in the bore, the transducer is 
provided at each end with a ring of elastic material which 
is situated in a groove around the transducer. The rings 
also form an effective sealing and prevent foreign and 
damaging substances from entering the space between the 
transducer and the bore. 

During the casting of the transducer in the synthetic 
resin suitably two or four threaded holes are manufac 
tured which are symmetrically situated near the Sur 
face of the transducer with their longitudinal direction 
parallel to the longitudinal direction of the transducer. 
In these holes bodies of magnetic material, suitably iron 
screws, can then be screwed in for calibrating the trans 
ducer. This is particularly desirable if the material in 
which the bore is placed is laminated. Such a material is 
usually anisotropic, so that the transducer gives an output 
signal even if the stress is zero. With the proposed device 
an unbalance caused by the anisotrophy can to a sub 
stantial extent be compensated. 
The transducer according to the invention can be con 

sidered as a magnetic bridge where the magneto-motive 
force is connected into the diagonal which consists of 
the magnetizing device, while the measuring device is 
connected into the diagonal which consists of the indica 
tion device. The branches of the bridge consist of the 
four parts of the bore wall which lie between the ends 
of the iron cores in the magnetizing device and the in 
dicating device. When the mechanical stress in the ma 
terial is zero and the material is isotropic, the bridge is 
in balance and the output voltage is zero. If, on the other 
hand, the material is subjected to mechanical stress, the 
permeability will increase in two branches and decrease 
in two, which means that the bridge will be in unbalance. 
The principal difference between the transducers mem 

tioned in the introduction and the transducer according 
to the invention is that the latter is not connected to in 
homogeneous magnetic fields, but the transducer can with 
advantage be made just as long as the thickness of the 
object to be measured, so that the homogeneous mag 
netix flux is obtained across the complete width of the 
material. Thus, a much greater effective measuring sur 
face is obtained, which of course entails a corresponding 
increase of measuring effect and sensitivity. 
We claim: 
1. Transducer for determining mechanical stresses in 

magneto-strictive material and intended to be placed in 
a bore in the magneto-strictive material at right angles 
to the stress direction, which transducer comprises a mag 
netizing device connected to an A.C. source, and an in 
dicating device connected to a measuring or indicating 
means, the magnetizing device including means to gen 
erate a substantially homogeneous magnetic flux in the 
surface of the bore at diametrically opposite points 
thereof, which magnetic flux is substantially at right an 
gles to the longitudinal direction of the bore, and the 
indicating device including means to indicate the mag 
netic potential difference caused by the mechanical 
stresses in the material between two zones in the wall 
of the bore which are substantially diametrically oppo 
site and parallel to the longitudinal direction of the bore. 

2. Transducer according to claim 1, comprising a core 
which is formed as a cross, said generating means com 
prising an exciting coil mounted on at least one of the 
two cross arms extending in the same direction, said 
measuring means comprising a measuring coil mounted 
on at least one of the remaining cross arms. 

3. Transducer according to claim 1, the core forming 
a right-angled cross. 
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4. Transducer according to claim 1, having two ex 
citing and two measuring coils arranged on the core. 

5. Transducer according to claim 1, said magnetizing 
device and said indicating device each including an iron 
core in the form of an H and said generating and measur 
ing means each including a coil arranged on the trans 
verse part of the H. 

6. Transducer according to claim 5, each iron core 
having two vertical core legs situated on one side of the 
transverse part longer than the two vertical core legs 
situated on the opposite side of the transverse part. 

7. Transducer according to claim 6, the longer core 
legs of each of the cores enclosing the transverse part 
of the other core. 
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8. Transducer according to claim 7, the cores being 

arranged at right angles to each other. 
9. Transducer according to claim 7, the cores form 

ing an angle of 60° with each other. 
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